Insertional inactivation of the Streptococcus mutans spaP gene was used to construct an isogenic mutant (834) of strain NG8 (serotype c) which lacked the major cell surface-associated protein referred to as P1 (15). Results of several studies suggest that P1 is involved in the adherence of S. mutans to saliva-coated apatite surfaces.
The role played by specific cell surface-associated proteins of mutans streptococci in the colonization of tooth surfaces is the subject of intensive research by a number of investigators. Clarification of the molecular basis of adhesion could lead to the development of specific reagents that act to prevent colonization of tooth surfaces by potentially pathogenic organisms and thereby affect the accumulation of pathogenic plaque. Results from several studies suggest that a surface protein termed P1 (also known as antigen I/II, B, and PAc) is involved in the adherence of Streptococcus mutans to saliva-coated hydroxyapatite (sHA) (9, 15, 18) . Furthermore, it is suggested that this protein could be an effective immunogen against dental caries (22) . Indeed, it is reported that topical application of monoclonal antibodies specific for P1 can prevent colonization of tooth surfaces by S. mutans and thereby prevent dental caries (16) .
Opinions differ as to what constitutes the primary mechanism of colonization of the tooth by S. mutans. Most attention is focused on the ability of organisms to adhere to the mammalian-derived constituents of salivary pellicles adsorbed to HA. Recent evidence demonstrates that bacterial glucosyltransferase is adsorbed to tooth surfaces and that it retains activity in the adsorbed state within the pellicle (24) . As a result, glucan can be synthesized in situ from sucrose and thereby present a different type of surface for microorganisms to colonize.
The purpose of this study, therefore, was to determine whether an isogenic mutant of S. mutans (15) , lacking the surface protein P1, could adhere to (i) parotid-saliva-coated HA (PS/HA) and (ii) glucan-coated HA and, finally, to compare the cariogenicity of the mutant and its parent in an animal model.
MATERIALS AND METHODS
An isogenic mutant (834) of S. mutans NG8 (Brathall serotype c) which lacked the major cell surface-associated P1 was constructed by insertional inactivation of the spaP gene and then by allelic exchange in the wild-type strain (15) . Serotyping was reconfirmed frequently throughout the investigation by the use of highly specific antisera (25) . A thorough characterization of the mutant jndicated that it differed from the wild-type strain (NG8) only by its loss of the fibrillar surface protein, P1 (15) .
The microorganisms used in this study were radiolabeled by being grown in a dialyzed medium (24) (14) . Thus, these two species should not compete for the same attachment sites on tooth surfaces. Two studies were carried out with rats. In one, salivary ducts from the parotid glands were ligated, and the submandibular and sublingual glands were removed by using previously described techniques (4). Results from the study would help to clarify the role of saliva in facilitating colonization of tooth surfaces by microorganisms. In the second study, animals with intact glands were used as described previously (5). Rats were infected with either the parent strain, NG8, or the isogenic P1 mutant. An additional group of intact animals was infected with Streptococcus sobrinus 6715 as a positive control. Infection was confirmed in all animals by plating oral swabs on mitis salivarius agar plus streptomycin.
Rats were fed diet 2000 (12) containing 56% sucrose ad libitum. The investigation continued for 3 weeks with the desalivated rats and for 5 weeks with the intact animals. At the end of these periods, the animals were killed, and one-half of each lower jaw was aseptically removed and placed in 5 ml of saline. Following sonication, bacterial populations were estimated as previously described (17) .
Caries was scored by means of the Keyes method (11), and data were analyzed by ANOVA.
RESULTS
The isogenic P1 mutant, 834, in contrast to the wild-type parent strain, NG8, adhered poorly to PS/HA and thereby confirmed the importance of this protein in facilitating the colonization of PS/HA surfaces ( All of the animals survived the surgical procedures and ate and drank normally. Each strain readily colonized desalivated rats and intact animals. Differences were not detected in the total population or in recoveries of mutans streptococci in the desalivated groups (Table 2) . However, compared with the parent strain, significantly higher numbers of the mutant strain were isolated from intact animals.
Smooth-surface-caries scores were essentially the same for animals infected with the parent strain and animals infected with the mutant strain ( (9, 15, 18, 19, 21) . The data presented here support the concept that P1 is essential for the attachment of S. mutans to host-derivedbinding sites in the acquired pellicle. In addition, results reported by Russell (21) show that purified I/II (P1) binds effectively to PS/HA surfaces and that it also binds to salivary proteins immobilized on nitrocellulose. These observations suggest that P1 may interact directly with salivary pellicle. Lee et al. (15) isolated high-molecular-weight salivary agglutinins that react directly with this bacterial surface adhesin. Demuth et al. (8) suggest that this interaction may involve lectinlike domains on the P1 molecule and on similar surface proteins derived from Streptococcus sanguis.
There is also some indirect evidence which indicates that P1 may be involved in sucrose-mediated binding. Antibodies raised against P1 inhibit adherence of S. mutans to PS/HA and also inhibit sucrose-induced accumulation of S. mutans on glass surfaces (9) . Antibodies against SpaA, a closely related surface protein produced by S. sobrinus, are reported by Curtiss et al. (7) to inhibit sucrose-induced aggregation of that species. Curtiss et al. further suggest that SpaA and P1 are adhesins involved in binding mutans streptococci to saliva-and glucan-coated surfaces.
Our results, however, indicated that the ability of the P1 mutant to adhere in vitro to saliva-coated surfaces differed significantly from that of the parent strain, confirming observations made previously (15) . Of no less importance is the observation that the mutant and parent strains adhered to a glucan-coated surface, thereby providing clear evidence that S. mutans possessed at least two mechanisms to allow it to colonize animal hosts in vivo. Such an observation was hardly surprising, considering the extraordinary range of environments which may prevail in the mouth. Understandably, much attention is focused on the colonization of salivary pellicle on the tooth surface (10) . However, it is clear that salivary pellicle in vivo contains glucosyltransferase as well as fructosyltransferase activity (20) . Given 
